ABSTRACT. The olfactory system is indispensable to the survival of animals in finding foods and for the reproductive process. Odorant signals are conveyed through olfactory sensory neurons to the olfactory bulb, which modifies the signals and relays them to the neocortex. In the present study, a "full-length" cDNA library was constructed from the main and accessory olfactory bulbs of 5-week-o ld male pigs, in order to elucidate the expressed genes. The average insert size of the library was estimated to be 1.7 kb based on 54 randomlyselected clones. One thousand randomly selected clones were subjected to sequencing, and the resulting 883 sequences were then clustered into 753 sequences based on similarity. Since 723 of the 753 sequences had sufficient sequence information for homology analysis, the 723 sequences were subjected to BLAST analysis against GenBank/EMBL/DDBJ; 655 out of the 723 sequences showed similarities with known genes, and the remaining 68 were indicated to be novel sequences. The full-length rate of the library was estimated to be ca. 80%, using 70 sequences corresponding to human full-length cDNAs. The full-length cDNA sequences of a single gene appearing more than 6 times in the analysis were aligned to determine major transcription initiation sites for SLC25A, CKB, TUBB4, TUBB, YWHAH, TUBB2, and CNP genes. KEY WORDS: full-length cDNA library, olfactory bulb, swine, transcription initiation site.
The olfactory system receives and conveys a wide variety of odor molecule information surrounding animals to the neocortex. This is an indispensable process for food seeking, reproduction and other behaviors by which animals survive. The system consists of two different pathways for information transfer; one is from sensory neurons in the olfactory epithelium through the main olfactory bulb to the olfactory cortex, and the other is from sensory neurons in the vomeronasal organ through the accessory olfactory bulb to the amygdala, distinct from the zone that receives information from the main olfactory bulb [4, 6, 9, 21] . Olfactory epithelium contains more than 2 million olfactory sensory neurons in mice, each of which expresses one type of odorant receptor out of ca. 1000 receptor genes [1, 5, 10] . It has been shown that each neuron is connected to a single glomerulus in the main olfactory bulb through its axon, and that the axons present zone-to-zone projection from the olfactory epithelium to the main olfactory bulb [11, 14, 15, 17, 18] . Then, the main olfactory bulb projects the processed information to the olfactory cortex [29] .
The accessory olfactory bulb receives pheromone signals from the vomeronasal organ and projects the information mainly to the amygdala. The signals provide information about gender, dominance, or reproductive status and elicit innate social and sexual behaviors [7, 9, 20] . For example, in male rodents, removal of the vomeronasal organ in virgin animals severely impairs sexual responses [7, 13] . The functional difference between the main olfactory bulb and the accessory olfactory bulb were also indicated by the differential expression patterns of metabotropic glutamate receptors in the respective bulbs [19] .
Alternative or multi-transcriptional initiation sites have been studied [8, 25, 26] and alternative initiation sites for cytochrome c mRNA was demonstrated to be tissue specific [8] . These transcriptional controls were often directed by DNA binding elements specific for cell functions, such as Ets-1 in the functions of lymphoid cells [2] . Therefore, the elucidation of the possible transcriptional patterns in the olfactory bulbs would provide a clue to understand the functions of cells in the olfactory bulbs. In order to obtain such alternative or multi-transcriptional initiation sites for genes, a "full-length" cDNA library was constructed in the present study from the porcine main and accessory olfactory bulbs and clones of the library were subjected to sequence analysis.
MATERIALS AND METHODS

Preparation of swine olfactory bulb:
For the preparation of olfactory bulb, two 5-week-old Landrace male pigs weighing about 10 kg were used. All animals received humane care as described in the guide for the Care and Use of Experimental Animals (National Institute of Agrobiological Sciences Care Committee). The procedure for the prep-aration of the olfactory bulb followed the guideline of animal ethics at the National Institute of Agrobiological Sciences, Japan. The pigs were fasted overnight before preparation. On the day of preparation, the pigs were sedated by intramuscular injection of ketamine (Sankyo Pharmaceutical, Tokyo, Japan; 10 mg/kg body weight) and midazolam (Yamanouchi Pharmaceutical, Tokyo, Japan; 1 mg/kg body weight). After tracheal intubation, the pigs were anesthetized with 2-3% halothane and 0.5 l/min nitrous oxide. Under deep general anesthesia, a cannula was inserted into a carotid vein; and the skull was cut and removed. Then, the pigs were euthanized by intravenous injection of 10 ml of sodium pentobarbital. Immediately after respiration and heartbeat were stopped, the brain was removed and rinsed in an ice-cold saline solution. The main olfactory bulb together with accessory olfactory bulb was dissected on ice, and the blocks were frozen in liquid nitrogen and stored at -80°C until use.
Construction of oligo-capped cDNA library ("fulllength" cDNA library): An oligo-capped cDNA library was constructed as described by Suzuki and Sugano [24] with some modifications. Briefly, 20 µg of poly(A) + RNA isolated from the main and accessory olfactory bulbs was treated with 2.5 units of bacterial alkaline phosphatase (BAP; Takara Co., Ohtsu, Shiga, Japan) in 100 µl of 100 mM Tris-HCl (pH 7.0), 10 mM 2-mercaptoethanol, and 100 units of RNase inhibitor at 37°C for 60 min. The RNA was extracted with phenol:chloroform twice and precipitated with ethanol. The BAP-treated RNA was further treated with 20 units of tobacco acid pyrophosphatase (TAP) [12] in 100 µl of 50 mM sodium acetate (pH 5.5), 1 mM EDTA, 10 mM 2-mercaptoethanol, and 100 units of RNase inhibitor at 37°C for 60 min. After phenol:chloroform extraction and ethanol precipitation, the BAP-TAP-treated RNA was then ligated with 0.4 µg of oligoribonucleotide (5'-AGC AUC GAG UCG GCC UUG UUG GCC UAC UGG-3') using 250 units of RNA ligase (Takara Co., Ohtsu, Shiga, Japan) in 100 µl of 50 mM Tris-HCl (pH 7.0), 5 mM MgC1 2 , 5 mM 2-mercaptoethanol, 0.5 mM ATP, 25% PEG8000, 100 units RNase inhibitor at 20°C for 3 hr. After removing free oligoribonucleotide, cDNA was synthesized using RNaseH free reverse-transcriptase (Superscript II; Invitrogen Co., Carlsbad, CA, U.S.A) with 10 pmol of oligo-dT adapterprimer (5'-GCG GCT GAA GAC GGC CTA TGT GGC CTT TTT TTT TTT TTT TTT-3') in a condition as recommended by the supplier. After removal of the template RNA by alkaline degradation, the PCR reaction was performed in a volume of 100 µl using an XL PCR kit (Applied Biosystems Co., Foster City, CA, U.S.A) with 16 pmol of 5' (5'-AGC ATC GAG TCG GCC TTG TTG-3') and 3' (5'-GCG GCT GAA GAC GGC CTA TGT-3') PCR primers. PCR amplification cycles were 12 cycles of 94°C for 1 min, 58°C for 1 min, and 72°C for 10 min. PCR products were then extracted with phenol:chloroform, ethanol-precipitated and digested with restriction enzyme Sfi I. Sfi I-digested PCR products were separated by agarose gel electrophoresis, and cDNA fragments longer than 1,000 bp were isolated and inserted into DraIII-digested pME18S-FL3 (Accession No. AB009864). The resulting pME18S-FL3 was introduced into DH5α (Takara Co., Ohtsu, Shiga, Japan) following the procedure described by the manufacturer, and the transformed DH5α was plated on LB-plates containing ampicillin at final concentration of 50 µg/ml to develop colonies on the plates.
Approximately 50 colonies were randomly selected from the plates and used to measure sizes of cDNA inserts in the plasmid with InsertCheck (Toyobo Co., Osaka, Japan), in order to estimate the average insert size.
Sequencing and characterization of cDNAs: Colonies were selected randomly and cultured in the LB medium containing ampicilin at the same concentration for the plate. The plasmid DNA was prepared from each culture using MultiScreen (Millipore Co., Bedford, MA, U.S.A ) together with Biomek 2000 (Beckman Co., Palo Alto, CA, U.S.A.), and cDNA inserts were sequenced once from the 5' site of cDNA using BigDye TM Terminator Cycle Sequencing Ready Reaction Kit V2.0 and ABI PRISM ® 3100 Genetic Analyzer (Applied Biosystems Co., Foster City, CA , U.S.A). The DNA sequences thus obtained were clustered using the software "G-PROF" (Genetyx, Tokyo, Japan), and the consensus sequence of each cluster was subjected to BLAST analysis against DNA sequences in the DNA datab a s e s ( G e n B a n k / E M B L / D D B J / ) ( h t t p : / / www.ncbi.nlm.nih.gov/Genbank/index.html) and then to ontological analysis using TIGR database (http://tigrblast.tigr.org/tgi/).
In order to characterize the library, the sequences obtained were examined to determine whether they contained a putative translation start site in comparison with human orthologs using databases (http://elmo.ims.utokyo.ac.jp/dbtss/; and http://www.ncbi.nlm.nih.gov/) [27] . In the present examination, when a sequence contained the translation start site, the sequence was defined as "fulllength" cDNA. For the calculation of the full-length rate of the library, an appropriate number of the sequences corresponding to the human genes with Expect (e) values smaller than e -100 (e-value: http://www.ncbi.nlm.nih.gov/BLAST/ tutorial/Altschul-1.html) were selected under the conditions that the cDNAs of the corresponding human genes had sequence information upstream of translation start site. The swine cDNA sequences thus selected were compared to the respective human cDNA sequences to estimate the fulllength rate of the library.
The full-length cDNA sequences of a single gene appearing multiple times in the present analysis were aligned to determine major transcription initiation sites of the gene. Then, the initiation sites were compared with those of human orthologs, if available, using databases (http:// elmo.ims.u-tokyo.ac.jp/dbtss/; and http://www.ncbi.nlm.nih. gov/) [23, 27] .
RESULTS AND DISCUSSION
Sequencing and characterization of cDNAs:
The com-plexity of the cDNA library constructed according to the procedure described above was examined, indicating that the library consisted of 2.16 × 10 5 clones. Then, 54 clones randomly selected from the cDNA library were characterized to reveal that the average cDNA insert size of the library was 1.7 kb (data not shown), not smaller than for other full-length cDNA libraries [22] . Concerning 3' region, it was considered that cDNA clones of the library contained polyA sequences judged from the procedure for the library construction. However, to make sure, this was examined by sequencing 200 randomly-selected clones and the examination revealed that all the clones contained polyA sequences (data not shown), strongly indicating that all the clones of the library contain polyA at their 3' termini. Therefore, the present library was subjected to further analysis. One thousand clones selected randomly from the library were sequenced, 883 of which were found to contain sequences of cDNA insert. These sequences were clustered into 753 by using the software G-PROF and were reported to the DNA databases with the successive accession numbers AV295960 to AV296712. Seven hundred twenty-three out of 753 sequences, having sufficient sequence information for homology analysis, were then subjected to BLAST analysis against sequences in the DNA databases (GenBank/EMBL/DDBJ at the level of December, 10, 2001 ).
The sequences of a single gene appearing more than twice in the 883 sequences were shown in Table 1 . The cluster with the largest number of sequences was revealed to correspond to ADP/ATP carrier; that with the second largest, to creatine kinase B; and that with the third largest, to tubulin beta 4. The BLAST analysis has revealed that 655 clusters consisting of 812 sequences showed similarities to known genes with e-values smaller than e -100 or similarities exclusively to cDNAs of a specific gene of various species though their e-values were not smaller than e -100 . The remaining 68 clusters consisting of 71 sequences showed little similarity with the sequences of various species including human registered in the DNA databases (data not shown), indicating that orthologous sequences have not yet been identified in other species including human, or that the sequences of 68 clusters might be specific to genomes of swine and its phylogenetically-related species. In the latter, it is surmised that the sequences, which had existed in a common ancestor of mammalian species including swine and human, were deleted at least in the ancestry species of human.
Ontological analysis was performed on the 723 independent sequences against the TIGR database at the level as of December, 10, 2001 (http://tigrblast.tigr.org/tgi/). As shown in Fig. 1A , 35% of the sequences were categorized in terms of their function (http://www.godatabase.org/cgi-bin/ go.cgi); 45% were not categorized in the database, though their functions were identified; and 20% were unknown or showed no similarities with sequences in the database. When the sequences grouped in the functionally categorized cluster were further classified using the database, 25.6% of (Fig. 1B) . These largest 4 fractions totaled up to more than 75% of the sequences. The fractions shown in Fig.1B was quite different from those reported in swine liver [16] and from those in human tissues other than olfactory bulb [26] , indicating the expressed sequences were closely related to the function of olfactory bulbs. The transcript of ADP/ATP carrier gene (SLC25A5) with the largest amount in the 883 sequences (Table 1) was reported to decrease when the cells were induced to differentiate in human [3] . In addition, tubulin genes, the products of which are involved in cell structure and basic cell functions, were expressed in the 3rd, 4th, and 6th largest amounts (Table 1 ). These findings, taken together with the fact that 13.9% of expressed genes were related to proteins of cell growth and maintenance as described above, led us to infer that the olfactory bulbs in the 5-week-old pigs used in the present study were at the stage of their volume increase, that is, of their development. This inference is in good agreement with the report that the brains of 5-week-old pigs were in the stage of volume increase [28] .
Full-length rate of the library and determination of transcription initiation sites using full-length cDNAs:
In order to estimate the full-length rate of the library, 70 sequences A Fig. 1 . Results of ontological analysis on 723 independent sequences expressed in the swine main and accessory olfactory bulbs using TIGR database. The 883 sequences obtained in the present study were clustered to 723 independent sequences, which were then classified into 3 groups, i.e., the functionally categorized group (Categorized), the functionally not-categorized group (Not categorized), in the unidentified group (Unknown) using TIGR database of Dec. 10, 2001 (http://tigrblast.tigr.org/tgi/) (Panel A). "Categorized" sequences were then further grouped by function using the preceding database (Panel B). Table 1 ). The 7 genes of the sequences thus selected corresponded to human genes SLC25A, CKB, TUBB4, TUBB, YWHAH, TUBB2, and CNP. The sequences were aligned for each gene to determine the major transcriptional initiation sites and the results of the alignment were presented in this figure. Since human major transcriptional initiation sites for SLC25A, CKB, TUBB4, YWHAH, and CNP genes were available (http://elmo.ims.u-tokyo.ac.jp/dbtss/), those sites were also presented on human sequences as a reference. For the remaining genes, the longest cDNA sequence of 5' ups tream region registered in the NCBI was presented as a reference (http://www.ncbi.nlm.nih.gov/). Closed triangles indicate transcripti onal initiation sites; numerals attached to the triangles indicate the number of transcriptional initiation, and the triangles without num erals present no information for the transcriptional initiation frequency. selected under the conditions described in Materials and Methods were examined to determine whether those sequences contained the putative translation start site; 54 out of the 70 sequences contained the translation start site and its flanking 5' upstream sequences ( Table 2 ), indicating that ca. 80% of cDNA clones in the present library were fulllength sequences. Examination of the sequences of the 22 genes that appeared more than two times in the 883 sequences (Table  1) revealed that all were full-length sequences. Although the 5'-terminus of each sequence correspond to transcriptional initiation site of the gene, it is not possible to determine the major transcriptional initiation sites of each gene, if the number of the sequences for a given gene is limited. Therefore, the full-length sequences of a single gene appearing more than 6 times were aligned, showing no sequence polymorphism in the regions upstream of translation start sites. The 5' termini of the sequences were scored for identification of major transcriptional initiation sites of the respective genes. As a result shown in Fig. 2 , the major transcriptional initiation sites of the 7 genes, which were orthologous to human genes, SLC25A, CKB, TUBB4, TUBB, YWHAH, TUBB2, and CNP, respectively, have been demonstrated. Since the transcription initiation sites of the 5 human genes, i.e., SLC25A, CKB, TUBB4, YWHAH, and CNP were shown in the website (http://elmo.ims.utokyo.ac.jp/dbtss/), the sites of those genes were presented in Fig. 2 as a reference. For the remaining 2 genes, TUBB and TUBB2, the longest sequence registered in the NCBI for each gene was presented in Fig. 2 as a reference (http:// www.ncbi.nlm.nih.gov/). In CKB, TUBB4, YWHAH, and CNP genes presenting similarities in the upstream region of the translation start site as well as in the protein coding region between swine and human, the porcine major transcriptional initiation sites were demonstrated to be similar with those of human orthologs. This finding may suggest that a similar mechanism is operating for transcriptional regulation of those genes in swine and human. In contrast, the sequence of SLC25A between transcriptional initiation site and translation start site showed little similarity with the human counterpart, but a high similarity in protein coding regions. In addition, one major transcription initiation site was detected in porcine SLC25A gene, whereas two major transcription initiation sites were observed in the human gene (Fig. 2) ; the porcine initiation site was different from the human initiation sites in the distance from the translation start site. These facts may indicate that the expression of porcine SLC25A gene is controlled by a mechanism different from human.
B
In conclusion, the full-length cDNA library of porcine main and accessory olfactory bulbs constructed in the present study was demonstrated to contain virtually 80% full-length cDNAs. The sequence analysis of clones in the library provided not only information on the expressed genes in the porcine olfactory bulbs, but also on transcriptional initiation sites of genes. In our recent analysis, another type of TUBB transcript has been found in a fulllength library of porcine hippocampus; this transcript was almost identical with the TUBB transcript of olfactory bulbs (present study) in protein coding sequence (similarity: 1,336 bp/1,338 bp or 443aa/445aa), but exhibited little similarity in the region between the transcriptional initiation sites and translation start site (unpublished data). When these findings were taken together, the extensive analysis of the fulllength cDNA libraries would contribute to understand the function of the brain tissues including olfactory bulbs.
